 (MIandelstam, 1960; Buchanan, 1961) 
The protein fraction of Escherichia coli which is soluble in acidified 75% alcohol was considered by Cowie, Roberts, and Bolton (1954) to serve as a protein reservoir. Its carbon and sulfur labels were transferred to alcohol-insoluble protein during sulfur starvation, and the protein was restored upon sulfur replenishment. In a more detailed report, Roberts et al. (1955) were uncertain of its function. Subsequently, Wright and Anderson (1960) reported an analogous utilization of alcohol-soluble protein for fruition of Dictyostelium discoideum in phosphate buffer.
Protein turnover must be heterogeneous (MIandelstam, 1960; Buchanan, 1961) but the extent of nonuniformity of breakdown among the proteins remains to be assessed. The impression may be gathered that alcohol-soluble protein is a specialized substrate for this process in microorganisms. Attempts were accordingly 301 made to characterize this protein in E. coli and to gauge its function as a depot. The findings that developed indicate, on the contrary, that the protein is probably a variety of preferred end products of turnover. Furthermore, the changes in its level in E. coli and probably in other microorganisms are to be regarded as artifacts.
MATERIALS AND METHODS E. coli ATCC strain 9723f, which requires phenylalanine, was used unless otherwise specified, and maintained on nutrient agar slants. Dilutions of 2-hr cultures were inoculated into the synthetic medium of Fowler (1951) containing, except when specified, 2% glucose and 30 ,ug/ml of amino acid. Cultures were shaken overnight and harvested at turbidities measured at 70 to 150 units with a Klett-Summerson colorimeter. Cells were washed in water and reinoculated in deficient media at initial turbidities between 80 and 150 units. They were again incubated for 6 hr, unless otherwise specified, and harvested and washed as described. All incubations were at 37 C. In deficient media, NH4' and SO4-were replaced by the corresponding Na and Cl salts.
Suspensions containing 10% cells by volume were assayed directly or broken in several passes through a French pressure cell; 2 to 5 mg of protein were precipitated and incubated for 0.5 hr at 5 C in 5 ml of 10% trichloroacetic acid. The precipitate was extracted for 0.5 hr at 45 C in 75 % alcohol. This is similar to the procedure of alcohol fractionation of Roberts et al. (1955) . In radioactivity experiments, protein was subsequently boiled in trichloroacetic acid with carrier, washed in more acid and then in acetone, resuspended in 0.5 M NH40H, plated on aluminum planchets (1.25-in. diam) and counted in a gasflow counter. Protein was determined by the method of Lowry et al. (1951) .
For metaphosphate determinations, the acidprecipitable and -soluble forms were at first separately assayed according to the procedure of Wiame (1949 Following the procedure of the experiment in Fig. 1 , Na acetate-1-C14, L-phenylalanine-1-Cl4, DL-lysine-2-C14, and Na formate-C14 were tested as protein precursors. Initial ASP/AIP ratios of radioactivity were either at unity or above and tended to rise at 1 hr, averaging 45% above the initial. The overshoot in alcohol-soluble protein synthesis during the initial phase of starvation is therefore not peculiar to any one label.
The alcohol-soluble protein behaves as an end product of protein resorting rather than as a reservoir. It could be composed in part of en- (Debro, Tarver, and Korner, 1957 cipitation was minor in extracts of unstarved cells, but considerable with sulfur starvation. The precipitate was dissolved with ethylenediaminetetraacetate in the same buffer, reprecipitated, washed, rechelated, and the supernatant was dialyzed overnight. The activity of the original boiled supernatant fluid is accounted for in the isolate, both their activities diminishing similarly upon dilution in experiment 3 (Table 2 ). The suppressor was prepared as the Mg salt after two precipitation cycles wihout dialysis. It contained 2% protein, 0.2% orthophosphate, and an estimated 5% organic content on the basis of CO2 liberated on Van Slyke combustion. The content of P labile to 7 min of boiling in 1 N H2SO4 was 23.4%, approximately two-thirds of the expected value for anhydrous Mg(PO3)2.
The identification of metaphosphate as the suppressor is corroborated by the peculiarity of its extensive accumulation in sulfur starvation. Thus, unstarved, nitrogen-starved, and sulfurstarved cells which contained 5.7, 2.6, and 21.7 jig of metaphosphate P per mg of protein, respectively, had alcohol-soluble protein fractions of 26, 23, and 3.1 %, respectively. The cellular metaphosphate production begins only at 1 hr of sulfur starvation (Fig. 2) . The increase is seen to correlate with the drop in alcohol-soluble protein.
It can be demonstrated that the alcohol- Synthetic mnetaphosphate has been tested and found to be an effective suppressor. Its strength as a polyanion is attested by its identity as the metachromatin of bacterial cells (Wiame, 1947) .
Other strong polyanions such as heparin, a preeminent example of animal metachromatin (Pearse, 1953) , and the synthetic polymer polyethylene sulfonate are effective suppressors. Deoxyribonucleic and ribonucleic acids are at best marginally effective at concentrations greatly in excess of their normal cellular content. Weaker natural and synthetic polyanions containing carboxylic or primary phosphoric acid groups are ineffective as suppressors.
DISCUSSION
The adsorptive affinity of polyphosphates for proteins is well known. MIinimal polyanionic chain lengths of about 1,000 P units appear to confer sufficient binding strength to resist washing in trichloroacetic acid (Katchman and Van Wazer, 1954) . The bulk of the metaphosphate of microbial cells is capable of such tenacious binding (Wiame, 1949) . It could potentially give rise to a number of anomalies in addition to the one just detailed. For instance, the histone fraction of the cells becomes unextractable in 0.1 to 0.6 N HCl in sulfur starvation, even though the cellular ribosome content is normal. Changes of any kind in the solubility or associational behavior of proteins under conditions favoring the presence of high levels of metaphosphate or any other strong polyanion should therefore be interpreted with caution.
The cause of the disappearance of the alcoholsoluble protein of D. discoideum in preculmination (Wright and Anderson, 1960) is not yet ascertained. However, it is already apparent from the present findings that the alcohol-soluble protein is not expendable, but that the solubility is altered by a number of strong polyanions. 
ALCOHOL-SOLUBLE PROTEIN OF MICROORGANISMS
slime produced during sporulation, is in all probability responsible for the effects they observed.
The existence of storage proteins may be questioned, since most of the diverse proteins of the cell are already capable of breakdown in turnover (Mandelstam, 1960) . However, before this, during the initial phase of adjustment to nutritional deficiency, a special fraction could supply amino acids before turnover of normal protein. However, the "disappearance" of alcohol-soluble protein paradoxically argues against this possibility. The appearance of metaphosphate, which underlies the effect, is linked to the exhaustion of cellular stores of sulfur. Metaphosphate accumulation is, as suggested by Smith, Wilkinson, and Duguid (1954) , an indication of metabolic imbalance, and is spared in this case by a peptide rather than a protein. Also, in Fowler's (1951) study of adaptation of E. coli to glucose fermentation, a counterbalancing deadaptation commences rapidly in nitrogen exhaustion, without the sparing action of a specialized protein.
As discussed by Mandelstam (1960) , some microbial proteins turn over and some do not. However, the material for the breakdown appears to be normal and unspecialized. The present findings remove a long-standing reservation to this conclusion.
